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Abstract
Spatial ability, particularly the cognitive capacity for mental rotations, is a critical component of human 
FRJQLWLRQ3UR¿FLHQF\ZLWKPHQWDOURWDWLRQWDVNVLVOLQNHGZLWKHGXFDWLRQDOSHUIRUPDQFHLQYDULRXV6FL-
HQFH7HFKQRORJ\(QJLQHHULQJDQG0DWKHPDWLFV67(0GLVFLSOLQHVDQGZLWKPRUHJHQHUDOWDVNVVXFK
DVUHDOZRUOGZD\¿QGLQJ6SDWLDOZRUNLQJPHPRU\6:0LVSRVLWHGDVDIXQGDPHQWDOSV\FKRORJLFDOFRQ-
VWUXFWDVVRFLDWHGZLWKPHQWDOURWDWLRQDELOLW\7KURXJKWKHDGRSWLRQRISXSLOORPHWU\WKLVVWXG\DVSLUHGWR
LQYHVWLJDWHWKHSRWHQWLDOUROHRI6:0ZLWKLQPHQWDOURWDWLRQSHUIRUPDQFH7KHUHVXOWVRIWKLVVWXG\XQH[-
SHFWHGO\LOOXVWUDWHGWKDWPHQWDOHIIRUWGHFUHDVHGDVLWHPGLI¿FXOW\LQFUHDVHG,WLVSRVLWHGWKDWOHDUQLQJPD\
KDYHRFFXUUHGGXULQJWKHLQLWLDOHDVLHUWDVNVIDFLOLWDWLQJDQLQFUHDVHGHI¿FLHQF\LQFRJQLWLYHSURFHVVLQJ
DVVRFLDWHGZLWK6:0VWRUDJHGXULQJWKHPRUHGLI¿FXOWPHQWDOURWDWLRQVWDVNV
Introduction
6SDWLDODELOLW\LVZHOOHVWDEOLVKHGDVDFRUHFRJQLWLYHIDFXOW\IRUKXPDQV-RKQVRQ	
%RXFKDUG-U3UR¿FLHQF\LQWKLVGRPDLQKDVEHHQVKRZQWRUHVXOWLQDQLQFUHDVHG
OLNHOLKRRGIRUVXFFHVVLQYDULRXVGLVFLSOLQHVDVVRFLDWHGZLWK6FLHQFH7HFKQRORJ\(QJL-
QHHULQJDQG0DWKHPDWLFV67(0/XELQVNL:DL/XELQVNL	%HQERZ,WLV
DOVRDVVRFLDWHGZLWKWKHPRUHJHQHUDOWDVNRIUHDOZRUOGZD\¿QGLQJ+HJDUW\0RQWHOOR
5LFKDUGVRQ,VKLNDZD	/RYHODFH+RZHYHUVSDWLDODELOLW\DVDFRQVWUXFWLVPXO-
WLGLPHQVLRQDOFRQVLVWLQJRIDYDULHW\RIFRJQLWLYHIDFWRUV&DUUROO7KHFDSDFLW\
WRPHQWDOO\URWDWHDEVWUDFWVWLPXOLLVDVSHFL¿FDELOLW\ZLWKLQWKLVIDFXOW\ZKLFKLVZLGHO\
UHFRJQLVHGIRULWVSDUWLFXODULPSRUWDQFHLQKXPDQFRJQLWLRQ0DHGD	<RRQ
Investigations into spatial ability and particularly mental rotations have revealed a gen-
GHUGLIIHUHQFHIDYRXULQJPDOHV/LQQ	3HWHUVHQ/LSSD&ROODHU	3HWHUV
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,QDWWHPSWVWRXQGHUVWDQGWKHUDWLRQDOHIRUWKLVGLIIHUHQFHQXPHURXVH[SODQDWRU\IDFWRUV
have been proposed including genetics, hormones, brain structure and functions, previ-
RXVH[SHULHQFHZLWKWR\VJDPHVDFWLYLWLHVDQGWUDLQLQJJHQGHUUROHLGHQWLW\DQGFRQ¿-
GHQFHLQVSDWLDODELOLWLHV'R\OH9R\HU	/HVPDQD%\YLUWXHRIWKHLUSRVWXODWLRQ
DVH[SODQDWRU\IDFWRUVIRUWKHJHQGHUGLIIHUHQFHWKHVHIDFWRUVDUHWKHUHIRUHFRQVLGHUHG
as general factors involved in the cognitive action of mental rotations or in its develop-
PHQW:RUNLQJPHPRU\FDSDFLW\KDVDOVREHHQLGHQWL¿HGDVDIDFWRULQKHUHQWWRPHQWDO
URWDWLRQVDQGKDVEHHQVKRZQWRDFFRXQWIRUWKHFRPPRQYDULDQFHEHWZHHQJHQGHUV
.DXIPDQ:KHQFRQVLGHULQJWKH¿QGLQJVRI+HLODQG-DQVHQ2VPDQQ
ZKLFKLOOXVWUDWHGPDOHVDVSUHIHUULQJDKROLVWLFVWUDWHJ\DQGZRPHQSUHIHUULQJDPRUH
DQDO\WLFDOSLHFHPHDODSSURDFKWKHUROHRIVSDWLDOZRUNLQJPHPRU\6:0LQPHQWDOURWD-
tions becomes increasingly interesting as the concept of mentally storing the image of an 
abstract stimulus through the various stages of the rotation is posited as a core process 
ZLWKLQWKLVDELOLW\
Cognitive load and spatial working memory in mental rotations
,WHPVZLWKLQPHQWDOURWDWLRQWHVWVFRPPRQO\LQYROYHWKHSUHVHQWDWLRQRIDWDUJHWURWDWLRQ
ZKLFKLQFOXGHVDQDEVWUDFWVWLPXOXVSUHVHQWHGLQDQLQLWLDOVWDWHDQGLQDJRDOVWDWH$
second item stimulus is then presented in an initial state. The objective is to apply the 
rotation(s) presented through the target stimulus to the item stimulus and select the 
FRUUHFWJRDOVWDWHIURPDVHOHFWLRQRISRWHQWLDOVROXWLRQVHJ*XD\,WLVSRVLWHG
ZLWKLQWKLVVWXG\WKDW6:0LVDFULWLFDOSV\FKRORJLFDOPHFKDQLVPLQKHUHQWZLWKLQWKLVSUR-
FHVV6:0FDQEHGH¿QHGDV³WKHV\VWHPRISV\FKRORJLFDOSURFHVVHVDQGUHSUHVHQWD-
WLRQVWKDWXQGHUOLHRXUDELOLW\WRUHPHPEHUWKHORFDWLRQVRIREMHFWVLQWKHZRUOGIRUVKRUW
SHULRGVRIWLPH´'HQW	6P\WKS7KLVVKRUWSHULRGRIWLPHUHIHUVWRDSHULRG
RIVHFRQGVGLIIHUHQWLDWLQJLWIURPWKHLFRQLFPHPRU\ZKLFKKDVDVSDQRIDSSUR[LPDWHO\
KDOIDVHFRQG'HOYHQQH	%UX\HU6:0LVDOVRUHFRJQLVHGDVKDYLQJDFDSDFLW\
DQGWHPSRUDOOLPLWDWLRQZKLFKUHVWULFWVWKHDPRXQWRIYLVXDODQGRUVSDWLDOLQIRUPDWLRQ
ZKLFKFDQEHFRQWDLQHGZLWKLQLWDQGIRUKRZORQJLWFDQEHUHWDLQHGZLWKRXWUHKHDUVDO
&RZDQ0LOOHU3HWHUVRQ	3HWHUVRQ7KHVH¿QGLQJVXOWLPDWHO\OHG
WRWKHFRQFHSWLRQRIFRJQLWLYHORDGWKHRU\ZKLFKGHVFULEHVKRZPHQWDOHIIRUWFDQEH
LQGXFHGE\WDVNVUHODWLYHWRZRUNLQJPHPRU\OLPLWDWLRQV6ZHOOHU,QWKHFRQWH[W
RIPHQWDOURWDWLRQVSDUWLFXODUO\ZKHUHPXOWLSOHURWDWLRQVRUVWHSVDUHUHTXLUHGLWLVSRV-
LWHGWKDWWKHVSDWLDOLQIRUPDWLRQSHUWDLQLQJWRWKHVWLPXOXVSRVLWLRQZLOOQHHGWREHVWRUHG
EULHÀ\SULRUWRVXEVHTXHQWURWDWLRQV,QDGGLWLRQWRWKLVIXUWKHUVWRUDJHLVSRVLWHGWREH
UHTXLUHGIRUUHPHPEHULQJWKHWDUJHWVHTXHQFHRIURWDWLRQVDQGIRUWKHFRPSDULVRQEH-
WZHHQWKHWDUJHWVWLPXOXV¶VWDWHZLWKWKHSRWHQWLDOVROXWLRQVWLPXOXVDIWHUYDULRXVVWHSV
  Hypothesis
-XVWDQG&DUSHQWHUKDYHVKRZQWKDWLQWKHPHQWDOURWDWLRQRIGLPHQVLRQDOVWLPXOL
pupil dilation, an indicator of mental effort, increased monotonically relative to an in-
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FUHDVHLQDQJXODUGLVSDULW\-XVW	&DUSHQWHU-XVW&DUSHQWHU	0L\DNH
7KLVZRUNDOVRVKRZHGWKDWSXSLOVL]HFKDQJHVZHUHPRUHVXEVWDQWLDOIRUORZYLVXDO-
L]HUV)URPWKLVWKH\SRVLWHGWKDWWKHGHPDQGRQVSDWLDOUHVRXUFHVZDVPRUHIRUORZ
YLVXDOL]HUVWKDQIRUKLJKYLVXDOL]HUV&RQVLGHULQJWKLVSRVWXODWHGUROHRI6:0LQPHQWDO
URWDWLRQVLWLVK\SRWKHVLVHGWKDWSDUWLFLSDQWVZLWKORZHUOHYHOVRIVSDWLDODELOLW\ZLOOQHHG
WRH[HUWDJUHDWHUDPRXQWRIPHQWDOHIIRUWGXULQJDGLPHQVLRQDOPHQWDOURWDWLRQVWDVN
WKDQSHRSOHZLWKKLJKHUOHYHOVRIVSDWLDODELOLW\,WLVDOVRK\SRWKHVLVHGWKDWWKHPDJ-
QLWXGHRIWKLVYDULDQFHZLOOLQFUHDVHDVLWHPGLI¿FXOW\LQFUHDVHVZKHUHLWHPGLI¿FXOW\LV
FODVVL¿HGE\QXPEHURIURWDWLRQVDQGQXPEHURID[HVRIURWDWLRQ7KHZRUNFRQGXFWHG
E\6RUE\KDVHVWDEOLVKHGWKDWPHQWDOURWDWLRQDELOLW\FDQEHGHYHORSHGKRZHYHU
WKHSV\FKRORJLFDOPHFKDQLVPVXQGHUSLQQLQJWKLVGHYHORSPHQWDUHUHODWLYHO\XQNQRZQ
Method
Approach
There are multiple approaches to measuring mental effort or cognitive load including 
self-report measures, dual task analyses, behavioural measures, neurological mea-
VXUHVDQGSK\VLRORJLFDOPHDVXUHV%UQNHQ3ODVV	/HXWQHU.DKQHPDQ
FRQVLGHUVSXSLOGLODWLRQDVSUREDEO\WKHEHVWLQGH[RIFRJQLWLYHORDGDVLWUHÀHFWVWKH
FXUUHQWUDWHRIPHQWDOHIIRUWH[SHQGLWXUH6WUHQJWKVRISXSLOORPHWU\LQFOXGHLWVQRQLQYD-
sive nature and that it provides a continuous estimate of the intensity of mental activity 
/DHQJ6LURLV	*UHGHElFN$OOFRJQLWLYHHIIRUWFDXVHVSXSLOGLODWLRQ.DKQHPDQ
	%HDWW\ZLWKWKLVGLODWLRQUHÀHFWLQJDQRYHUDOOZRUNLQJPHPRU\FDSDFLW\XWLOLVD-
WLRQ-XVWHWDO7KLVLQIHUVWKDWSXSLOGLODWLRQFDQEHXVHGWRLQGLFDWHRYHUDOOFRJ-
nitive functioning in a particular task (Van Der Meer et al., 2010). This inference is sup-
SRUWHGE\UHVHDUFKVKRZLQJLQFUHDVHGSXSLOGLODWLRQUHODWLYHWRLQFUHDVHGWDVNGLI¿FXOW\
1XWKPDQQ	YDQGHU0HHU5DLVLJ:HONH+DJHQGRUI	YDQGHU0HHU
+RZHYHUWKHDOORFDWLRQRIFRJQLWLYHUHVRXUFHVLVQRWVROHO\GHSHQGHQWRQWDVNGLI¿FXOW\
EXWDOVRRQWKHOHYHORIHQJDJHPHQW$KHUQ	%HDWW\9DQ'HU0HHUHWDO
7KHUHIRUHLWLVLPSRUWDQWWKDWSXSLOORPHWULFPHWKRGRORJLHVDUHGHVLJQHGDQGVXEVHTXHQW
GDWDLVLQWHUSUHWHGZLWKWKLVFRQVLGHUDWLRQ$VWKLVVWXG\SXUSRUWHGWRH[DPLQH6:0
LQPHQWDOURWDWLRQVEDVHGRQWKLVUHVHDUFKSXSLOORPHWU\ZDVDGRSWHGDVWKHSULQFLSOH
method of investigation. 
Participants
7KLVVSHFL¿FVWXG\XVLQJSXSLOORPHWU\ZDVSDUWRIDODUJHUVWXG\H[DPLQLQJWKHHIIHFWVRI
cognitive strategies on spatial ability performance. The cohort consisted of 2nd<HDUXQ-
GHUJUDGXDWH,QLWLDO7HFKQRORJ\7HDFKHU(GXFDWLRQ,77(VWXGHQWV1 RIZKLFK
ZHUHPDOHDQG¿YHZHUHIHPDOHKRZHYHUQRWDOOSDUWLFLSDQWVHQJDJHGZLWKWKLVSDUWLFX-
ODUSDUWRIWKHVWXG\7KHORZUHSUHVHQWDWLRQRIIHPDOHVLQWKHFRKRUWLVUHÀHFWLYHRIWKH
JHQGHUGLVWULEXWLRQLQWHFKQRORJ\HGXFDWLRQLQ,UHODQGZKHUHWKHVWXG\ZDVFRQGXFWHG
,QLWLDOO\WKH3DSHU)ROGLQJ7HVW3)7(NVWURP)UHQFK+DUPDQ	'HUPDQZDV
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DGPLQLVWHUHGWRWKHIXOOFRKRUW1 DVLWLVDYDOLGPHDVXUHRIDJHQHUDOYLVXDOL]DWLRQ
9]IDFWRURIWHQXVHGDVDUHSUHVHQWDWLYHPHDVXUHRIVSDWLDODELOLW\&DUUROO7KH
UHVXOWVRIWKLVWHVWZHUHXVHGWRVWUDWLI\WKHFRKRUWLQWRTXDUWLOHV444
47KHFRKRUWIRUWKLVSDUWRIWKHVWXG\Q ZKLFKLQYROYHGWKHXVH
RISXSLOORPHWU\FRPSULVHGRIIRXUSDUWLFLSDQWVIURPHDFKTXDUWLOHWRHQVXUHDUDQJHRI
VSDWLDODELOLW\OHYHOVZDVUHSUHVHQWHG&RQVLGHULQJWKHORZQXPEHURIIHPDOHVLQWKHIXOO
FRKRUWLWZDVQRWSRVVLEOHWRLQFOXGHDGHTXDWHUHSUHVHQWDWLRQRIIHPDOHVLQWKLVSDUWRI
the study. Additionally, in order to control for potential variances based on biological fac-
WRUVSDUWLFLSDQWVDJHVH[DQGKDQGHGQHVVZHUHFRQWUROOHGIRU3LSHUHWDO7KH
VWXG\FRKRUWZKRHQJDJHGZLWKWKHSXSLOORPHWU\DVSHFWQ FRQVLVWHGRIDOOPDOH
XQGHUJUDGXDWHVWXGHQWVKDGDPHDQDJHRIZLWKDVWDQGDUGGHYLDWLRQRI
PLQDJH PD[DJH DQGZHUHDOOULJKWKDQGHG
Method
Psychometric Tests
,QDGGLWLRQWRWKH3)7WKH6KDSH0HPRU\7HVW607(NVWURPHWDODVDPHD-
sure of SWM and the Ravens Advanced Progressive Matrices Test (RAPM) (Raven, 
5DYHQ	&RXUWDVDPHDVXUHRIÀXLGLQWHOOLJHQFHZHUHDOVRDGPLQLVWHUHG7KHVH
WHVWVZHUHVHOHFWHGDVDGGLWLRQDOYDULDEOHVWRLQYHVWLJDWHWKHLUSRWHQWLDOUROHLQPHQWDO
rotations tasks.
Stimuli for Pupillometry Tasks
7KHVWLPXOLIRUWKLVVWXG\LQFOXGHGWKHLWHPVIURPWKH3XUGXH6SDWLDO9LVXDOLVDWLRQ
7HVW9LVXDOLVDWLRQRI5RWDWLRQV36975*XD\DQGH[SHULPHQWDOLWHPV
EDVHGRQWKRVHZLWKLQWKH369757KH36975ZDVVHOHFWHGDVLWLVDSV\FKRPHWULFDOO\
VRXQGPHDVXUHRIPHQWDOURWDWLRQV0DHGD<RRQ.LP.DQJ	,PEULHZKHUHE\
WKHLWHPVV\VWHPDWLFDOO\LQFUHDVHLQGLI¿FXOW\DVPRUHURWDWLRQVDUHDGGHGDQGWKHJH-
RPHWU\EHFRPHVPRUHFRPSOH[%UDQRII$OOLWHPVLQWKH36975FRQWDLQDEVWUDFW
VWLPXOL,QLWLDOLWHPVUHTXLUHDPHQWDOURWDWLRQRIDERXWRQHD[LVDQGSURJUHVVWRPRUH
GLI¿FXOWLWHPVUHTXLULQJDURWDWLRQRIDERXWRQHD[LVIROORZHGE\DQRWKHUURWDWLRQRI
DERXWDVHFRQGD[LV7KLUW\H[SHULPHQWDOLWHPVZHUHDOVRLQFOXGHGZKLFKZHUH
GHVLJQHGEDVHGRQWKHLWHPVLQFOXGHGLQWKH369757KHH[SHULPHQWDOLWHPVFRQWDLQHG
common real life objects in place of the abstract stimuli found in the standard PSVT:R. 
7KHIDPLOLDUQDWXUHRIWKHVWLPXOLZDVWKHRQO\YDULDQFHLQWKHH[SHULPHQWDOLWHPVDVDOO
URWDWLRQVZHUHGHVLJQHGWRFRUUHVSRQGWKRVHZLWKLQWKHVWDQGDUGWHVW
Implementation
$OOWHVWLQJZDVFRQGXFWHGLQGLYLGXDOO\ZLWKSDUWLFLSDQWV,QLWLDOO\WKHSV\FKRPHWULFWHVWV
GHVFULEHGDERYHZHUHDGPLQLVWHUHGLQSDSHUDQGSHQFLOIRUPDW7KHRUGHURIDGPLQLVWUD-
WLRQZDVYDULHGIRUHDFKSDUWLFLSDQWWRDYRLGLQGXFLQJDQRUGHUELDV$IWHUDOOSDSHUDQG
SHQFLOWHVWVZHUHDGPLQLVWHUHGSDUWLFLSDQWVHQJDJHGZLWKWKHPHQWDOURWDWLRQVWHVWLWHPV
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HOHFWURQLFDOO\7HVWLWHPVZHUHGLVSOD\HGRQDPRQLWRUDQGSXSLOGLODWLRQZDVUHFRGHG
using the Tobii X120 system. The Tobii X120 system tracks both eyes, has a sampling 
UDWHRI+]DQGDVSDWLDOUHVROXWLRQRI3DUWLFLSDQWVZHUHVHDWHGZLWKWKHLUKHDGV
UHVWLQJRQDFKLQUHVWFPLQIURQWRIWKHPRQLWRU3DUWLFLSDQWVZHUHHYHQO\GLVWULEXWHG
EHWZHHQRQHRIWZRWHVWFRQGLWLRQV)LJXUHZLWKWZRSDUWLFLSDQWVIURPHDFKTXDUWLOH
EHLQJDVVLJQHGWRHDFK)ROORZLQJDQH[SODQDWLRQRIWKHWHVWLQVWUXFWLRQVSDUWLFLSDQWV
FRPSOHWHGWZRVDPSOHLWHPVIURPHDFKW\SHRIVWLPXOXVWRHQVXUHWKDWWKHGDWDIURP
LQLWLDOLWHPVZDVQ¶WVNHZHGE\WKHQRYHOW\RIWKHH[SHULHQFH%RWKWHVWVZHUHWKHQSUH-
FHGHGE\DPV¿[DWLRQSHULRG)RUWHVWFRQGLWLRQRQHHYHQQXPEHUHGLWHPVIURP
WKHVWDQGDUG36975ZHUHPL[HGZLWKWKHRGGQXPEHUHGLWHPVIURPWKHH[SHULPHQWDO
SLFWRULDOYHUVLRQ)RUWHVWFRQGLWLRQWZRRGGQXPEHUHGLWHPVIURPWKHVWDQGDUG36975
ZHUHPL[HGZLWKHYHQQXPEHUHGLWHPVIURPWKHH[SHULPHQWDOSLFWRULDOYHUVLRQ7KHUH
ZDVQRWLPHOLPLWSODFHGRQSDUWLFLSDQWVZKHQDQVZHULQJDQ\WHVWLWHP$PV¿[D-
WLRQSHULRGZDVSODFHGEHWZHHQHDFKLWHP$OOSDUWLFLSDQWVDQVZHUHGLWHPVIURP
WKHVWDQGDUGYHUVLRQRIWKH36975DQGIURPWKHH[SHULPHQWDOYHUVLRQ
Results
$6SHDUPDQ¶VFRUUHODWLRQDQDO\VLVZDVFRQGXFWHGWRLGHQWLI\DQ\UHODWLRQVKLSVEHWZHHQ
SHUIRUPDQFHLQWKHSV\FKRPHWULFWHVWVDQGPHQWDOHIIRUWH[HUWHGLQWKHPHQWDOURWDWLRQV
LWHPVDVPHDVXUHGE\WKHSDUWLFLSDQWV¶SXSLOGLODWLRQ7DEOH1RVWDWLVWLFDOO\VLJQL¿FDQW
FRUUHODWLRQVZHUHREVHUYHGEHWZHHQSXSLOGLODWLRQLQGLFHVDQGSHUIRUPDQFHLQWKHSV\-
FKRPHWULFWHVWV6WDWLVWLFDOO\VLJQL¿FDQWPRGHUDWHFRUUHODWLRQVZHUHREVHUYHGEHWZHHQ
WKHSHUIRUPDQFHLQWKHPHQWDOURWDWLRQLWHPVDQGERWKWKH3)7ȡ p < .05) and 
5$30ȡ p)XUWKHUPRUHDVWDWLVWLFDOO\VLJQL¿FDQWVWURQJFRUUHODWLRQZDV
Figure 1. Illustration of test condition one (left) and condition two (right). Items in  
WKLV¿JXUHDUHVDPSOHLWHPVQRWLQFOXGHGLQWKHDFWXDOWHVWV
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REVHUYHGEHWZHHQWKH5$30DQGWKH607ȡ p < .01) and a statistically signif-
LFDQWYHU\VWURQJFRUUHODWLRQZDVIRXQGEHWZHHQSDUWLFLSDQWVDYHUDJHSXSLOGLODWLRQLQ
VWDQGDUGDQGSLFWRULDOPHQWDOURWDWLRQLWHPVȡ p'XHWRWKHORZVDPSOH
VL]HDQGUHVXOWLQJORZVWDWLVWLFDOSRZHUWKHVHFRUUHODWLRQVVKRXOGEHFRQVLGHUHGZLWK
caution.
)XUWKHUDQDO\VLVRIWKHSXSLOORPHWU\GDWDZDVFRQGXFWHGWRH[DPLQHPHQWDOHIIRUWRYHU
WLPHDVWKHLWHPGLI¿FXOW\LQFUHDVHG)RUWKLVSDUWRIWKHDQDO\VLVGXHWRWKHGLIIHUHQW
LWHPVDGPLQLVWHUHGWRSDUWLFLSDQWVIRXUVHSDUDWHGDWDVHWVZHUHFUHDWHG7KHVHLQFOXG-
HGWKHVWDQGDUG36975LWHPVIURPWHVWFRQGLWLRQRQHWKHH[SHULPHQWDO36975LWHPV
IURPWHVWFRQGLWLRQRQHWKHVWDQGDUG36975LWHPVIURPWHVWFRQGLWLRQWZRDQGWKHH[-
SHULPHQWDO36975LWHPVIURPWHVWFRQGLWLRQWZR(DFKGDWDVHWFRQWDLQVWKHUHVXOWVIURP
HLJKWSDUWLFLSDQWV7KHUHVXOWVRIWKLVDQDO\VLVDUHSUHVHQWHGLQ)LJXUH
Table 1 
&RUUHODWLRQPDWUL[LQGLFDWLQJ6SHDUPDQ¶VUKRȡFRUUHODWLRQVQ 
 PSVT:R
Dilation
Pictorial PSVT:R 
Dilation
Mental Rotation 
Performance
3)7 SMT
Pictorial PSVT:R Dilation 
Mental Rotation Performance  
3)7  -.007 
SMT    
RAPM   .072   
1RWH3)7 3DSHU)ROGLQJ7HVW607 6KDSH0HPRU\7HVW5$03 5DYHQV$GYDQFHG3URJUHVVLYH0DWULFHV&RUUHODWLRQLV
VLJQL¿FDQWDWWKHOHYHOWDLOHG&RUUHODWLRQLVVLJQL¿FDQWDWWKHOHYHOWDLOHG
Figure 2. Average pupil dilation for items in each test condition. Vertical axes indicate  
pupil dilation in millimetres (mm) and horizontal axes indicate test item numbers.
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)LJXUH$YHUDJHSXSLOGLODWLRQIRULWHPVLQHDFKWHVWFRQGLWLRQ9HUWLFDOD[HVLQGLFDWH
SXSLOGLODWLRQLQPLOOLPHWUHVPPDQGKRUL]RQWDOD[HVLQGLFDWHWHVWLWHPQXPEHUV
7KHUHVXOWVRI)LJXUHLOOXVWUDWHQHJDWLYHWUHQGVLQHDFKFLUFXPVWDQFHLQGLFDWLQJWKDW
LQJHQHUDODVLWHPGLI¿FXOW\LQFUHDVHGH[HUWHGPHQWDOHIIRUWGHFUHDVHG$VWKHGLI¿FXO-
W\OHYHOLQFUHDVHGZLWKHDFKLWHPLWZDVK\SRWKHVLVHGWKDWWKHUHTXLUHGPHQWDOHIIRUW
ZRXOGDOVRLQFUHDVH7KHUHIRUHDPRUHGHWDLOHGDQDO\VLVZDVFRQGXFWHGIRUWKHUHVXOWV
IURPHDFKSDUWLFLSDQW7KHUHVXOWVRIWKLVDQDO\VLVDUHSUHVHQWHGLQ)LJXUHVWDQGDUG
36975LWHPVDQG)LJXUHH[SHULPHQWDOLWHPVUHVSHFWLYHO\
Figure 3. Pupil dilation results for each participant for the standard PSVT:R items.  
Vertical axes indicate pupil dilation in millimetres (mm) and horizontal  
axes indicate test item numbers.
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$VFDQEHREVHUYHGIURP)LJXUHDQG)LJXUHRXWRIWKHUHVXOWVIURPLQGLYLGXDO
SDUWLFLSDQWVLOOXVWUDWHDQHJDWLYHWUHQGLQPHQWDOHIIRUWH[HUWHGRYHUWLPHGHVSLWHLWHP
GLI¿FXOW\LQFUHDVLQJ,QDGGLWLRQWRWKLVZKHQFRPSDULQJWKH52 values for the trends 
EHWZHHQLQGLYLGXDOVWXGHQWVHIIRUWRQWKHVWDQGDUGDQGH[SHULPHQWDOLWHPVLQRIWKH
FDVHVWKH52 values are higher for the standard PSVT:R items containing the abstract 
stimuli.
Discussion
7KHUHVXOWVRIWKLVVWXG\ZHUHXQH[SHFWHGHVSHFLDOO\FRQVLGHULQJWKHZRUNRI-XVWDQG
&DUSHQWHU-XVW	&DUSHQWHU-XVWHWDO7KHVWXG\DVSLUHGWRLQYHVWLJDWHD
K\SRWKHVLVSUHGLFDWHGRQWKHDVVXPSWLRQWKDWDVLWHPGLI¿FXOW\LQFUHDVHGPHQWDOHIIRUW
Figure 4. Pupil dilation results for each participant for the experimental PSVT:R items. 
Vertical axes indicate pupil dilation in millimetres (mm) and horizontal axes  
indicate test item numbers.
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DVVRFLDWHGZLWK6:0ZRXOGDOVRLQFUHDVHUHODWLYHWRWKHGHPDQGVRIWKHWDVN+RZHYHU
WKHUHVXOWVLOOXVWUDWHDQHJDWLYHWUHQGLQGLFDWLQJWKDWGHVSLWHDQLQFUHDVHLQLWHPGLI¿FXO-
W\H[HUWHGPHQWDOHIIRUWWHQGHGWRGHFUHDVHRYHUWLPH,WLVSRVVLEOHWKDWWKHQHJDWLYH
WUHQGVH[LVWDVDUHVXOWRILQFUHDVHGERUHGRPRUGLVHQJDJHPHQWRYHUWLPHGXULQJWKH
WHVW+RZHYHULIWKLVZHUHWKHFDVHLWZRXOGDOVREHH[SHFWHGWKDWSHUIRUPDQFHZRXOG
GHFUHDVHDVDUHVXOWRUWKDWWKHUHZRXOGEHDORZOHYHORIUHOLDELOLW\7KHGHFUHDVLQJ
WUHQGLVREVHUYDEOHIURPWKHLQLWLDOLWHPVKRZHYHUSHUIRUPDQFHVFRUHV0 
6' VXJJHVWWKDWVXI¿FLHQWHIIRUWZDVH[HUWHGWRSHUIRUPZHOOXQWLODWOHDVWWKH
PLGGOHRIWKHWHVWDQGWKHUHOLDELOLW\RIWKHWHVWZDVKLJKĮ LQGLFDWLQJWKDWSDU-
WLFLSDQWVGLGQ¶WUHVRUWWRJXHVVLQJLQRUGHUWR¿QLVKWKHWHVWTXLFNO\7KHWLPHWDNHQE\
SDUWLFLSDQWVWRFRPSOHWHWKHWHVWZDVVKRUW0 PLQ6' PLQFRQVLGHULQJ
WKHVWDQGDUGPLQWLPHOLPLW7KHUHIRUHZKLOHLWLVSODXVLEOHIRUERUHGRPGLVHQJDJH-
ment, or reduced enthusiasm to have caused the negative trends, these variables did 
not affect participants enough to impact substantially on performance. The relationship 
EHWZHHQWKHVHDQGUHODWHGHPRWLRQVZLWKWHVWWDNLQJEHKDYLRXUUHTXLUHVIXUWKHULQYHVWL-
gation to make more precise inferences on these results.
7KHUHVXOWVRIWKLVVWXG\GRKRZHYHUDOLJQZLWKWKHQHXUDOHI¿FLHQF\K\SRWKHVLVZKLFK
VXJJHVWVWKDWLQWHOOLJHQFHLVDIXQFWLRQRIKRZHI¿FLHQWWKHEUDLQZRUNVDQGQRWKRZKDUG
LWZRUNV+DLHU6LHJHO7DQJ$EHO	%XFKVEDXP(YLGHQFHRIQHXUDOHI¿FLHQF\
LOOXVWUDWHVWKDWDGHFUHDVHLQFRJQLWLYHHIIRUWFDQEHIRXQGVXEVHTXHQWWROHDUQLQJRU
training. In this study, early items may have provided an opportunity for such learning to 
RFFXUUHGXFLQJWKHPHQWDOHIIRUWDVVRFLDWHGZLWK6:0VWRUDJHDVWKLVSURFHVVEHFDPH
PRUHHI¿FLHQW+RZHYHUWKHLGHDWKDWVXFKHI¿FLHQF\FRXOGGHYHORSVRTXLFNO\WKURXJK-
RXWWKH¿UVWQXPEHURIWHVWLWHPVLVVXUSULVLQJDQGZDUUDQWVIXUWKHULQTXLU\WRGHWHUPLQHLI
this is the case.
,QDGGLWLRQWRIXUWKHUHQTXLU\EHLQJZDUUDQWHGIRUWKHSRWHQWLDOGHYHORSPHQWRIQHXUDO
HI¿FLHQF\LQ6:0DQGPHQWDOURWDWLRQVDQRWKHUTXHVWLRQHPHUJHVIURPWKHVHUHVXOWV
DVVRFLDWHGZLWKSHUIRUPDQFH,IWKHPHQWDOHIIRUWUHTXLUHGWRHQJDJHLQPRUHGLI¿FXOW
TXHVWLRQVLVORZHUWKDQSUHYLRXVDQGHDVLHUTXHVWLRQVVXJJHVWLQJPRUHFRJQLWLYHUH-
VRXUFHVDUHDYDLODEOHWRHQJDJHLQWKHWDVNZK\LVSHUIRUPDQFHSRRUHULQWKHVHTXHV-
tions? Woodman and Vecera (2011) illustrate that accessing object features in the visual 
ZRUNLQJPHPRU\GHJUDGHVWKHUHSUHVHQWDWLRQVRIRWKHUVWRUHGREMHFWV7KHLQFUHDVHG
QXPEHURIURWDWLRQVLQPRUHGLI¿FXOWTXHVWLRQVPD\UHTXLUHPRUHFRQWLQXHGDFFHVVWR
REMHFWIHDWXUHVDQGWKHUHIRUHGHVSLWHWKHURWDWLRQVHHPLQJO\EHFRPLQJPRUHHI¿FLHQW
the degrading of the target rotation may be the reason people get the harder items 
LQFRUUHFW7KLVZRXOGH[SODLQZK\WKHDSSDUHQWO\UHGXFHGHIIRUWUHTXLUHGGRHVQ¶WUHVXOWLQ
increased performance.
:LWKUHVSHFWWRWKHGLIIHUHQFHVEHWZHHQWKHDEVWUDFWDQGIDPLOLDUVWLPXOL52YDOXHVZHUH
typically higher for the standard items. This is likely due to it being a validated instru-
PHQW,WLVLQWHUHVWLQJKRZHYHUWKDWWKHUHVXOWVIURPWKHLWHPVZLWKIDPLOLDUVWLPXOLVKRZD
VLPLODUWUHQGDVWKHVHLWHPVZHUHH[SHULPHQWDODQGQRWVWDWLVWLFDOO\YDOLGDWHGSULRUWRWKLV
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VWXG\8QIRUWXQDWHO\PHQWDOHIIRUWFRXOGQRWEHFRPSDUHGEHWZHHQWKHW\SHVRIVWLPXOL
GXHWROXPLQDQFHGLIIHUHQFHLQWKHLWHPV)XUWKHUZRUNLVZDUUDQWHGZKHUHWKLVYDULDEOH
LVFRQWUROOHGWRH[DPLQHLIWKHIDPLOLDULW\RIWKHVWLPXOLDIIHFWVWKHUHTXLUHGPHQWDOHIIRUW
,QUHODWLRQWRSRWHQWLDOGLIIHUHQFHV0D\HU.LPDQG3DUNKDYHVKRZQWKDWDE-
VWUDFWRUQRYHOVWLPXOLDUHPRUHHDVLO\HQFRGHGLQWKHZRUNLQJPHPRU\DQGWKHUHIRUHWKH
K\SRWKHVLVPD\EHJHQHUDWHGWKDWOHVVPHQWDOHIIRUWZLOOEHQHHGHGLQPHQWDOURWDWLRQ
WDVNVZLWKDEVWUDFWUDWKHUWKDQIDPLOLDUWDVNV$OWHUQDWLYHO\IDPLOLDUREMHFWVPD\EHDEOH
to be retrieved from long-term memory storage rather than needing to be encoded into 
WKH6:0ZKLFKPD\IDFLOLWDWHDQHDVLHUPHQWDOURWDWLRQ
Conclusion
Considering that mental rotation ability is a strong predictor of educational success in 
67(0LWLVSDUDPRXQWWKDWDFDXVDOH[SODQDWLRQIRUWKLVSKHQRPHQRQLVGHWHUPLQHGWR
IDFLOLWDWHWKHVFLHQWL¿FGHYHORSPHQWRIDVVRFLDWHGSHGDJRJLFDODSSURDFKHVDQGWUDLQLQJ
LQWHUYHQWLRQV'HWHUPLQLQJPRUHFOHDUO\WKHUROHRI6:0LQPHQWDOURWDWLRQVZRXOGDLGLQ
LGHQWLI\LQJLWVXQGHUO\LQJFRJQLWLYHSURFHVVHVDQGNQRZLQJWKHVHZRXOGDLGHVWDEOLVKLQJ
ZK\WKLVDELOLW\LVUHODWHGWR67(0SHUIRUPDQFH$GGLWLRQDOO\DVPHQWDOURWDWLRQDELOLW\
can be trained, it may be possible to enhance such interventions through the incorpora-
WLRQRIZRUNLQJPHPRU\WUDLQLQJDQGLQFUHDVHWKHHIIHFWVL]HWKDWFDQEHREWDLQHGERWK
LQWHUPVRILQFUHDVLQJVSDWLDODELOLW\FDSDFLW\DQG67(0SHUIRUPDQFH)LQDOO\LILWLVWKH
case the either a strategy can be developed in the initial test items or that a degree of 
HI¿FLHQF\FDQEHDFKLHYHGPDNLQJPRUHPHQWDOUHVRXUFHVDYDLODEOHLQPRUHGLI¿FXOW
items, this has implications for research aiming to adapt the PSVT:R and potentially 
other related tests. Shortening these tests for pragmatic reasons may affect the strate-
JLHVXVHGE\WHVWWDNHUVLIVXI¿FLHQWWLPHLVQRWDYDLODEOHDWWKHEHJLQQLQJSULRUWRPRUH
GLI¿FXOWLWHPVDIIHFWLQJWKHLUSV\FKRPHWULFSURSHUWLHV
Note
7KHSUHOLPLQDU\UHVXOWVRIWKLVVWXG\ZHUHSUHVHQWHGDWWKHQG$6(((QJLQHHULQJ'H-
sign Graphics Division Midyear Conference in Montego Bay, Jamaica.
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